Plant chloroplasts arose through endosymbiosis of a cyanobacterial ancestor taken up by a eukaryotic host cell (reviewed in Raven and Allen, 2003) . This was followed by massive gene transfer from the plastid ancestor to the host nuclear genome, such that most of the proteins necessary for chloroplast function are encoded in the nucleus; roughly 5000 nuclear-encoded gene products are targeted to plastids, while plastid genomes encode <100 proteins. Although the chloroplast has limited coding capacity, a highly complex system of chloroplast transcript maturation and processing has evolved to include the activity of numerous nuclearencoded factors that have acquired plastidspecific functions. Stoppel et al. (pages 2680 Stoppel et al. (pages -2695 investigate the function of a member of a small family of ribosomal peptide chain release factor (Prf) proteins in Arabidopsis. Many plant genomes encode four functional Prf proteins (PrfA and PrfB homologs), targeted to the mitochondria and chloroplast. Meurer et al. (2002) previously showed that Arabidopsis PrfB1 is required for termination of translation and stabilization of UGA stop codon-containing chloroplast transcripts. Stoppel et al. now show that a previously uncharacterized Prf-like protein, PrfB3, found only in vascular plants, is localized to the chloroplast stroma in a petB RNA-containing complex, where it plays an important role in maintaining petB transcript stability.
PrfB3 appears to have arisen from PrfB1 via gene duplication. However, it lacks two tripeptide motifs that are characteristic of other eubacterial and organellar PrfB homologs and are essential for function as a ribosomal release factor. Interestingly, several publicly available programs predicted a mitochondrial rather than chloroplast localization for PrfB3. However, transient expression of At-PrfB3:green fluorescent protein (GFP) and immunolocalization experiments showed that PrfB3 is localized to the chloroplast stroma (see figure) , and the protein could not be detected in mitochondria.
Functional and molecular analyses were performed on mutant lines lacking PrfB3 protein, revealing major defects in thylakoid membrane ultrastructure and photosynthetic electron transport. Immunological analyses showed a severe deficit in the major subunits of the cytochrome b 6 f complex, whereas major subunits of photosystem I (PSI) and PSII accumulated to near-wild-type levels. Similarly, two-dimensional gel electrophoresis showed that ATP synthase, PSI, and PSII thylakoid membrane complexes were able to assemble efficiently in the prfB3-1 mutant, whereas cytochrome b 6 f complexes were below the limits of detection. Transcript analysis confirmed that the prfB3 mutation specifically affected the petB transcript encoding cytochrome b 6 . petB occurs in a gene cluster that encodes three PSII subunits and one other subunit of the cytochrome b 6 f complex. With the exception of petB, all other transcripts of this gene cluster were largely unaffected by the prfB3 mutation. Taken together, the results indicated a specific role for PrfB3 in regulation of the stability of 3´processed petB transcripts. Further experiments using different light qualities and quantities, oxidative stress, acute heat stress, and photomorphogenesis mutants showed that PrfB3 expression is highly responsive to light and stress conditions.
PrfB3 was not found in the genomes of nonvascular plants, suggesting that the gene evolved just before the divergence of monocots and dicots. The authors consider that it likely arose as a result of a duplication of the ancestral PrfB1 gene and subsequently lost the two characteristic tripeptide motifs essential for peptide chain release function. PrfB3 retained the ability to bind RNA and acquired a chloroplast-specific function in light-and stress-dependent regulation of petB transcript stability, thus regulating cytochrome b 6 accumulation, a rate-limiting step in photosynthetic electron transport. Nancy A. Eckardt Senior Features Editor neckardt@aspb.org
